Abstract. We studied domain wall propagation of magnetically-bistable Fe-Co-rich microwires paying attention on effect of applied and internal stresses. We measured hysteresis loops and domain wall propagation in various magnetic Fe-Co-rich amorphous microwires with metallic nucleus diameters (from 12 m till 22 m) using Sixtus Tonks-like experiments. Application of tensile stresses results in decreasing of domain wall velocity. We discussed magnetoelastic contribution in dynamics of domain wall propagation. We observed, that microwires with different geometries exhibit v(H) dependences with different slopes. Application of stresses resulted in decrease of DW velocity, v, and DW mobility S. Quite fast DW propagation (v till 2500 m/s at H about 30 A/m) has been observed in low magnetostrictive magnetically bistable Co 56 Fe 8 Ni 10 Si 110 B 16 microwires. Consequently, we can assume that generally magnetoelastic energy affects DW dynamics: decreasing magnetoelastic energy, K me , DW velocity increases.
Introduction
Ferromagnetic glass coated thin wires (typically of 5-30 µm in diameter) exhibit unusual and interesting magnetic properties such as magnetic bistability and giant magneto-impedance, GMI, effect [1, 2] . Magnetic bistability, observed previously in few amorphous materials, is related with single and large Barkhausen jump [2, 3] . The characteristic feature of the magnetic bistability is the appearance of rectangular hysteresis loop. Such behavior was observed in wire shaped samples when the sample length and the applied magnetic field are above of some critical values [3, 4] . Single Large Barkhausen Jump, observed in different families of amorphous wires has been interpreted as the magnetization reversal in a large single domain [2] [3] [4] [5] . The rectangular hysteresis loop has been interpreted in terms of nucleation or depinning of the reversed domains inside the internal single domain and the consequent domain wall propagation [2] [3] [4] [5] [6] . Consequently, perfectly rectangular shape of the hysteresis loop has been related with a very high velocity of such domain wall propagation.
It is worth mentioning, that the domain wall (DW) propagation has been observed in different kinds of magnetic materials with rectangular hysteresis loop. Particularly, domain wall velocity has been successfully measured in conventional amorphous wires and Ni single crystals [7, 8] .
On the other hand, recently controllable and fast DW propagation observed in thin magnetic wires (planar and cylindrical) has been proposed for high density data storage devices (magnetic random memory MRAM devices, logic devices) [9, 10] . Great efforts have been paid to increase the DW velocity of planar thin wire, considering its great importance for proposed applications [9] .
It is worth mentioning, that generally much faster DW propagation at relatively low magnetic field has been reported for cylindrical thicker amorphous micrometric wires [2] [3] [4] [5] [6] . The micromagnetic origin of head-to head DW in microwires is still unclear, although it is clear that this DW is relatively thick and has complex structure [11, 12] . At the same time it is commonly assumed, that the simultaneous solidification of composite microwire consisting of ferromagnetic metallic nucleus inside the glass coating introduces considerable residual stresses inside both ferromagnetic metallic nucleus and glass coating [13] [14] [15] [16] [17] . But until now there are only few reports on the magnetoelastic contribution in DW dynamics of microwires [18] .
Therefore, in this paper we are trying to reveal the effect of magnetoelastic anisotropy on DW propagation in amorphous magnetically bistable microwires.
Experimental details
Dependences of DW velocity on applied magnetic field have been measured by using modified Sixtus Tonks-like method, as described recently in ref. [19] . Particularly in order to activate DW propagation always from the other wire end in our experiment we placed one end of the sample outside the magnetization solenoid. Magnetic field, H, is generated by single layered solenoid applying rectangular shaped voltage. Applied stresses have been applied during DW dynamics measurements. The applied tensile stress within the metallic nucleus and glass shell was calculated as described in Ref. [20] ,
(2) where k =E 2 /E 1 , E i are the Young's module of the metal (E 2 ) and the glass (E 1 ) at room temperature, P is the applied mechanical load, and S m and S gl respectively are the cross sections of the metallic nucleus and glass coating. As stated elsewhere [17] , the Young's modulus of the metal (E 2 ) and glass (E 1 ) have roughly the following values: E 1 = 7,5 × 10 10 Pa and E 2 = 1,5 × 10 11 Pa. We used 3 pick-up coils, mounted along the length of the wire and propagating DW induces electromotive force (emf) in the coils, as described in ref. [19] . Then, DW velocity is estimated as:
where l is the distance between pick-up coils and ∆t is the time difference between the maximum in the induced emf.
We studied a number of amorphous Fe-Co based glass-coated microwires, produced by TaylorUlitovki method, as described elsewhere [3] . 75 Si 15 B 10 changes with x from -5x10 -6 at x= 1, to λ s ≈40 x10 -6 at x≈0.2 [21] . Within each composition of metallic nucleus we also produced microwires with different ratio of metallic nucleus diameter and total diameter, D, i.e. with different ratios ρ=d/D. This allowed us to control residual stresses, since the strength of internal stresses is determined by ratio ρ [13−17] . In this way we studied the effect of magnetoelastic contribution on DW dynamics controlling the magnetostriction constant, applied and/or residual stresses.
Hysteresis loops have been measured using vibrating sample magnetometer VSM. Fig. 1 . As can be appreciated, considerable increasing of switching filed is observed when ferromagnetic metallic nucleus diameter decreases till 1,2 µm. At the same time, rectangular hysteresis loop shape is maintained even for smallest microwires diameters. Previously similar increase of coercivity with decreasing the metallic nucleus diameters have bee attributed to enhanced magnetoelastic energy arising from enhanced internal stresses when ρ−ratio  is small [13] [14] [15] [16] [17] . Consequently, one of relevant parameters affecting strength of internal stresses and consequently magnetoelastic energy is ρ-ratio.
Usually it is assumed that domain wall (DW) propagates along the wire with a velocity: 
v=S(H-H 0 )
where S is the DW mobility, H is the axial magnetic field and H 0 is the critical propagation field.
In order to evaluate the effect of ρ-ratio, i.e. effect of residual stresses on DW dynamics, we performed measurements of v(H) dependences in the microwires with the same composition, but with different ρ-ratios. Dependences of DW velocity on applied field for Co 41.7 Fe 36.4 Si 10.1 B 11.8 microwires with different ratios are shown on Fig.2 .
On the other hand, magnetostriction constant is mostly determined by the metallic alloy composition. As mentioned above, the magnetostriction constant, λ s , in system (Co x Fe 1-x ) 75 Si 15 B 10 changes from 35 x10 -6 at x= 0 to -5x10 -6 at x= 1 [21] . Consequently, magnetostriction constant, λ s , is determined by proportion of Co-Fe content in ferromagnetic alloy [21] and we can consider, that the strength of internal stresses is determined by the ratio ρ=d/D [13] [14] [15] [16] [17] . Consequently we also 00036-p.3 measured v(H) dependences for two different microwire compositions with fixed ρ-ratio (ρ=0,39) in order to evaluate effect of magnetostriction on v(H) dependence (Fig.3) .
Analyzing Figs. 2,3 we can deduce, that at the same values of applied field, H, the domain wall velocity is higher for microwires with higher ρ−ratio, i.e. when the internal stresses are lower [13] [14] [15] [16] [17] . It is worth mentioning, that the magnetoelastic energy, K me , is given by
where σ =σ i + σ a -total stress, σ i -are the internal stresses, σ a -applied stresses and λ smagnetostriction constant [14 ] . Dependences of domain wall velocity, v, on magnetic field, H for Fe 16 Co 60 Si 13 B 11 and Co 41.7 Fe 36.4 Si 10.1 B 11.8 amorphous microwires with the same ρ−ratio are shown in Fig.3 . In this case, the effect of only magnetostriction constant is similar to that observed in Fig.2: higher magnetostriction (in according to ref. [17] ) results in smaller DW velocity at the same magnetic field and smaller DW mobility, S. Another way to change the magnetoelastic energy is the application of stresses during measurements. Consequently we measured v(H) dependences under applied stress.
As can be observed from Fig.4 ) for analysing the DW dynamics. As can be appreciated form Fig.5 , the DW 00036-p. 4 velocity values achieved in this microwire at the same values of applied field, is considerable higher (almost twice), than observed for microwires with higher magnetostriction constant (see Figs.2,3) . Additionally, stronger effect of applied stresses on v(H) in Co 56 Fe 8 Ni 10 Si 10 B 16 amorphous microwires might be related with magnetostriction dependence on applied stresses, as described elsewhere [21] . In this case, since magnetostriction constant is low, stress effect on magnetostriction can be comparable with the magnetostriction value. It is worth mentioning that observed by us DW velocity values exceeds estimated maximum velocity (Walker limit) for DW propagation, which can be estimated from: The domain wall dynamics in viscous regime is determined by a mobility relation (2) , where S is the domain wall mobility given by:
where β is the viscous damping coefficient, µ 0 is magnetic permeability of vacuum. Damping is the most relevant parameter determining the domain wall dynamics. Usually two contributions to viscous damping β have been considered and generally accepted [6] .
The first (β e ) is determined by the micro-eddy currents circulating nearby moving domain wall.
However, the eddy current parameter β e is considered to be negligible in high-resistive materials, like amorphous microwires, which additionally have quite thin diameters.
The second generally accepted contribution of energy dissipation is magnetic relaxation damping, β r , related to a delayed rotation of electron spins. This damping is related to the Gilbert damping parameter, α and is inversely proportional to the domain wall width δw, β r ≈αM s /γδ w ≈M s (K me /A) 1/2 (7) where γ is the gyromagnetic ratio, A is the exchange stiffness constant, K me is the magnetoelastic anisotropy energy given by (5) .
Consequently, the domain wall mobility, S, can be affected by the magnetoelastic energy, K me , as we experimentally observed in few Co-Fe-rich magnetically bistable microwires (Figs, 2-5 ).
00036-p.5
